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FIELD OF THE INVENTION 

The present invention relates to an apparatus and method for aUgning a 
coUimator in, for example, a small and inexpensive package. 

BACKGROUND OF THE INVENTION 
10 Certain instrumentation or other devices require a polarized light beam. In 

order to generate the polarized beam, collimators can be used in packages that receive 
a light signal, polarize it, and output the polarized beam. However, these prior 
solutions tend to require expensive components and are physically large. For 
example, one such commercial product providing a prior solution has overall 
15 dimensions of 19"xl8"x4" and costs three times as much as an embodiment of the 
solution described below. Therefore, a need exists, for example, for collimators in a 
small and in expensive package to provide polarized light signals. 

SUMMARY OF THE INVENTION 
A method and apparatus for aligning a collimator, in accordance with the 
20 invention, includes input and output collimators. The input collimator receives a light 
signal and provides it to a polarization mechanism, which polarizes the light signal. 
With the alignment mechanisms in accordance with the invention, five degrees of 
freedom alignment is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The accompanying drawings are incorporated in and constitute a part of this 

specification and, together with the description, explain the advantages and principles 
of the invention. In the drawings, 

FIG. 1 is a cross-sectional view of the polarization conditioner that contains 
the collimator alignment mechanisms; 
30 FIG. 2 is a side view of the coUimator aUgnment device illustrating height 

adjustment and tilting in the vertical plane; 

FIG. 3 is a top view of the collimator alignment device illustrating lateral 
adjustment and tilting in the horizontal plane; 
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FIG. 4 is a perspective view of a polarization conditioner package containing 
the collimator alignment mechanisms; and 

FIG. 5 is a graph of thermal test results for the polarization conditioner with 
the collimator alignment mechanisms. 

5 DETAILED DESCRIPTION 

Overview 

FIG. 1 is the cross-sectional view of the polarization conditioner 10, 
illustrating how the components are held in place in this exemplary embodiment. The 
polarization conditioner 10 includes an input collimator 12 for attachment to a fiber 

10 optic cable 22 in order to receive a light signal. Collimator 12 passes the light signal 
through a polarization mechanism, in this example wave plates 14, which polarize the 
light beam in the x-y directions. Alternatively, a polarization mechanism can be 
implemented with any components that can polarize a light signal. A beam splitter 16 
splits the polarized light signal into two corresponding light signals, one provided to a 

15 photodetector 20 and the other to an output collimator 18. Photodetector 20 is 
electrically connected to a printed circuit board 19 having a circuit to analyze the 
polarized light signal, and such circuits are known in the art. The height of photo 
detector 20 on PCB 19 is controlled by four standoffs, aligned and mounted with 
screws on PCB. The polarization conditioner 10 includes a base 11a and a casing 

20 1 lb, composed of aluminum for example, to house the components. Base 11a can 
include a plurality of fasteners, such as steel bolts 26 and 28, for mounting it in a 
particular application. 

The following is the principle of the polarization conditioner. An input beam 
passes through wave plates 14 and reaches beam splitter 16. The beam's polarity is 

25 detected by detector 20, which sends signals to the microprocessor in the circuit of 
PCB 19, operating to apply optimized voltages on wave plates 14 so as to maximize 
the polarization. The polarized light signal then passes through free space between 
input collimator 12 and output collimator 18, Therefore, output collimator 18 must be 
adjusted in order to precisely align it for receiving the polarized light signal from free 

30 space. Output collimator 18 can output the polarized light signal, as a polarized 
beam, onto a fiber optic cable 24, a polarization maintaining fiber. 

FIG. 2 illustrates a first adjustment mechanism 30 for collimator translation 
and tilting in a vertical plane. The output collimator 1 8, at its ends, sits on the stacked 
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rabber segments 44 and 46, which provide reasonable resilient force to allow the 
output collimator 18 to be moved in a designed range in the vertical plane as 
represented by arrow 25. On top of the output collimator, a guided piston or plunger 
(36, 42) is pressed onto the output collimator 18 outer surface at each end as shown. 
5 A pair of set screws 32 and 38 can apply a force against pistons 36 and 42 via steel 
balls 34 and 40, respectively. The pistons and set screws can be composed of metal, 
for example, any other material providing sufficient durability to move the output 
collimator. 

For vertical alignment operation, the set screws 32 and 38 are rotated to move 

10 the output collimator in a vertical direction 25. If the screws are rotated downward, 
they apply a force to the respective ends of output collimator 18 to move it downward. 
If the screws are rotated upward, the force of compressed rubber segments 44 and 46 
forces output collimator 18 upward. If only one screw is adjusted, only tilting of the 
output collimator 18 occurs. If both screws 32 and 38 are adjusted, then both height 

15 changing and tilting of the output collimator can be accompHshed. By using a #0-80 
screw, for example, a resolution of 0.9 [am per degree rotation can be achieved. 

FIG. 3 illustrates a second adjustment mechanism 50 for collimator translation 
and tilting in a horizontal plane as represented by arrow 27. As with the vertical 
adjustment, the lateral adjustment and tilting in a horizontal plane are performed by 

20 rotating horizontal set crews (52, 54, 56, 58) onto the sliding stands through the 

package walls. The sliding stands are bolted down with screws and spring washers to 
maintain the output collimator 18 and also allow it to slide. The second adjustment 
mechanism also includes pins and slots at the bottom of the stand that guide the 
sliding of the output collimator 18 in the horizontal plane. Rotation of the horizontal 

25 set screws (52, 54, 56, 58) causes horizontal movement of the mounting stmctures 53 
and 55, which in turn causes horizontal movement of output collimator 18. The set 
screws and mounting structures can be composed of metal, for example, any other 
material providing sufficient durability to move the output collimator. For example, 
screws 52, 54, 56, and 58 can be implemented with 2-56 brass-tip set screws. 

30 The polarization conditioner 10 can also include a rotational adjustment 

mechanism for rotational adjustment of the output collimator 18, as shown in FIG. 3. 
In this emlDodiment, the rotational adjustment mechanism includes a clamp 60 with a 
pinhole or aperture 62 tied onto it. Any rigid pin can be inserted pinhole 62 in order 
to rotate the output collimator, via firictional force, as needed. 
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The first, second, and rotational adjustment mechanisms described above are 
one example of how these mechanisms can be implemented. Altematively, first, 
second, and rotational adjustment mechanisms can be implemented with any 
structures that provide for sufficient translation and tilting of the output collimator in 
5 horizontal and vertical planes in order to align for receiving the polarized light signal 
from fi-ee space. 

FIG. 4 is perspective view of the polarization conditioner 10 within casing 
1 lb, illustrating the complete package. FIG. 5 is a graph of thermal test results 70 of 
an implementation of an exemplary embodiment that shows the stable performance 

10 within the storage temperature range. 

The following provides examples of mounting and alignment strategies for an 
embodiment in accordance with the invention shown in FIGS. 1-4. All front-end 
elements can be "dropped" (positioned) and clamped into place through passive 
alignment. Only the output collimator needs to be actively aligned in this 

15 embodiment. Elastomer O-rings can be used for soft contact on fi-agile optical 

elements such as the wave plates 14 and beam spUtter 16. The two wave plates are 
mounted on one holder for less alignment errors. The base 11a can include all 
alignment references. 

The following identifies features of this exemplary design. The output 

20 collimator alignment mechanism provides for five (out of total six) degrees-of- 

fi-eedom alignment mechanism, including three tilts and two translations, except the 
translation in an axial direction. Very high precision is needed in angular alignment, 
approximately one arc minute accuracy, and large adjustment range, +/-0.6 mm. This 
design supports an adjustment at two ends of the output collimator 18. If only one 

25 end moves, the adjustment mechanism generates tilting. If both ends move, the 

adjustment mechanism generates translation in the horizontal or vertical planes. The 
height adjustment and tilting are performed by turning the set screws and applying 
motion to the output collimator through the single-ball bearing and piston inserts. 
Lateral translation and tilting are performed by laterally moving the rear stands (53 

30 and/or 55) using set screws (52, 54, 56, 58). The narrow edge contacts of piston 
inserts (33, 41) on the output collimator provide for reducing coupled motion when 
one end moves up or down. The piston inserts are also used to guide loading and to 
reduce coupled motion when one end of the output collimator moves fi-om left to 
right. A single-ball bearing is used to reduce fiiction and its force applied to the 
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piston insert and then the collimator, which may cause unnecessary tilting to the 
collimator. Finally, the rotational alignment or adjustment is performed with the 
rotating central clamp 18. 

The polarization conditioner 10 can include certain measures to reduce the 
5 side effects or coupling related problems at alignment adjusting. These measures 
include, for example, a steel balls 34 and 40 between the set screws (32, 38) and the 
pistons (36, 42) as a torque remover; the narrowed contact area at the piston tips (33, 
41) against the output collimator 18 to avoid its whole body motion; a tight fit 
between the piston tips (33, 41) and the output collimator 18 outer surface; a small 

10 clearance between the pistons (36, 42) outer diameter and the fitting holes (31, 37); 
and a reasonable clearance between the output collimator 18 outer diameter and 
vertical slots of the sliding stands. 

One problem solved by the exemplary embodiment described above is to align 
collimators, for example, with five degrees-of-fi-eedom in a small package. 

15 Therefore, certain advantages of embodiments in accordance with the invention 

include, for example, five degree-of-freedom alignment capability, large adjustment 
range (±1° angular and ±600 |nm translational), small size package (with overall 
dimensions of 72mm x 35mm x 31mm), use of low cost components, and built-in 
aligning mechanisms that allow easy re-work. Accordingly, an embodiment in 

20 accordance with the present invention is a polarization conditioner in a small size 
physical package, light in weight, low cost in manufacturing, and reliable in 
performance. 

While embodiments in accordance with the invention have been described, it 
will be understood that many modifications will be readily apparent to those skilled in 
25 the art, and this application is intended to cover any adaptations or variations thereof 
For example, various types of mechanical structures and packaging for them may be 
used without departing from the scope of the invention. This invention should be 
limited only by the claims and equivalents thereof 
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